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imsm2 ] mmmcomu. w> z Fmfm& ( a l 
d> iz±*)mmzti&ztzmittim*mizim 

[ wmm 3 3 mwm i m&iixsam o 
zn?iimizmm£.iztiiAZitz> z t mmt 

IS. ^ixmRS&tt&^Wcmtfxfcftfc^A;* 

m. 

i 6 ] msgi i m^axmrn o orjs#x & 
i msm 7 ] mm. o odeje#* ti± . 1512® i rig 

<0® 2 BXffd 3 RlB^liH t#X&AP IX SV * 
*'XtR^tt«$,SS2SO f ®3K«^XA%^il.. ffl 

**Mlzmt>tiK#z&Xn Of IX ±#*6XA? 
4 £ t £1SSfc f4i9*Jl 1 VK*X 

i o ] miasfs i w&iinmiw&i-* 
(m&^WtfWitziixms&fiLxmm^fcx 

£ t S:#®t-ri)^jai tea*)®**-* wwxs 



A*«. 

(ts^is 1 1 1 Bute® i w&tfzxmmxrt-* y* 
<r>m<mmzmhtifztix&\niftLxT-};frt> 

«£A t . m 1228 0 <3»6#xttlt£RJS?-* y'<c?)±3j 

<r)*£.mzm t>ti*:#zm*>n ix±m^^x 

•^■SSA^r^. 

pftfenwM immt* fzMzmwmffy-^<r>im^ 
WR&m&tim 2 rje#* co^'xaAP l 

TSA-T-& RlEf-^ VrttixmXH&X°b~>X . 
( a ) 1^E££attS(cMt7tt£aS 1 SlE^'X^0rS 
^S8£A-rSXT--y7°i:. 

(b) frfB^lRJC^coSSASrjSSfL, U^KJE^* 

( c ) mmm*&mzmrzm!&2w&#xm 
mtwrnK-thx^-yrb. 

(d) «ast2RiB^w8EA*aairrL. ifriaR^^ 

1 3 ] mi*Tv7 ( a ) XXf ( c ) co-e^ 
jBg^SrftfcSAL. fflBXr-yT ( b ) XV ( d ) 

cD^-mjifrfEfji i &t/iB2R«^^jiBrLTajg 

XTxo**aALWt4 Z b izi: <0^-^lz b Zft 

mb?mimi2izMmco%.foi-v>JWxmjjj 

fc«>, H?iexr*y7-(a) =5rV^LXr-yT (d) SrMiO 
**x^A*a. 

[IS^S l 6 ] T^lcSttu&WSfufcRifi*--*- y/< 
W±SSfc3l*S *IT . 5V HcRJStttOfc S 2 SMS fctt 

T. 

mm^mm 1 s» 1 ^«*&p 

b. 

miisW-^ '; VnlMlzBtfLZti. 1512® 
#x£fl»&*6»i)*>#*fttePfc. 

l^xKajpt, 
oco^'xjfcaipt. 



:(3) 000-2 1 2752 (P2000-2 1V58 



xmot m&ftvw, i axmrnt 1 ax 

miisvv-'w Fnmfcftmzme&iaxw&k®, 
mfcM&zti. mimnaxmatmm&nM 
o <r>axmmo t zmjm o naxms t £-£t? z t * 

[tB^« 1 7 ] ffie^com i ax^moit. mm 

WM 0 <9;#*&fflPCitAT:fr(;:$ ^ , 

i= , Mie^t^ i axfoftnmmmzz uz 
is»th x o izmtKz k zmti-imsm 1 6 cie 

[§i^« i 8 i mamnm i #xftat}p#«MS*i 

Si 6 £15*^:^7-^ >y H. 

me* 2 » 3 &j&ax * mti nwrmm o ^ 

[000 1] 

mmutmrnaxz^LxmLkizmmnrnzmm 

y-^/Vlzmth. 

[0002] 

■tt*MW-**ftfcli, 4WlSttffiI*& (Physic 
al Vapor Deposition:^'/?!] 
HT. PVD) . ftf^^S(Ch 
emical Vapor Deposition,!^ 
CVD).ffiifife(Atomic La ye 
r Deposition. OT. ALD) , WVXC 
VD (Pulsed CVD. 1^T\ PCVD, >Vl>X 

ii. mtcvD, ald. pcvDftauffBnear^a 
w*mmg£miitzmmiz&~jzmw?iiif. & 

fiJtt-|>J:£, V-xax (KJ&ax) UBXfi-ryrtn 

[00 0 3] Hl2M^H2K^VtJ:3C, flS**)^*? 
— N-yHtt, JSiaV«S2RJ6^j&«*<i«uoaAP 



12, 14S:^LT#16«HB!IM^Kl6tTHB*, j8 

1 0rtt=S£A§-HrS. »lXV*2»5^tt, ^7 
-'vy K 1 0rt(rca£S*U S^7-^y H 1 OOfe 

tM mm? > ±.ismtzti*. tzzv. zm 

ji<7)xA'7-^.y H l 0 ti, ♦Wc»13WfJB 

2«S#**««SKJStt#*4*&, ^7-^ yHl 
0(*l(w-CSVHcR{5LT^$r4filtL. ^7-^-yH 
10rtWIWS#i*ii:fi:J:9. W7^vK*Wi 

[0004] zfitmimfctit:*)* &imw,2K 

mxemteZMvtZftoftffi&n^V-^ y h'3 0 
HfitmZtit:. 03tt. ZOXoZmkOMMisW 

-^vvnffim^itzmmx'bh. tfz. H4kt 

03tC^L^^-v7-^-y h'cOJSSillT'J)!.. 033W 
H4fcjjc*\J:3fc, tfefcOttStaSv^-^-yKtt. JR 
1 fttflR2 ratWT** 1 ^* 7-^ >y F 3 Ort fcTSV^fc 

8. 4 0rt»^;Rai$ix£J:5(c$)££iiT^I>. fc^^ 

lowRiB^, ffjitf. ^ 1 %J&ax<D 

*-ifiWLh'th?4 $ # . &2m&ax<r)tz#><n 
mmz% i KmaxmfwM^ y^Hzmm- hmn 
wmtzwmKLxt&t'iXLtw m. %2m 
axtmxti tmHzKfcLxftimTZZ&t&ffi 
mm^tz. ztm. miBu&axtffiLK-tz>miTi> 
mmx'hi. 

i o o o 5 ] -u. m i &t^2Re#x«Datf.fciRL 

xx vziimaxmfentis&izxmztiLx-thzk 
mutch*, zmn. imiiztm&mmtit: 
mtaxz%maxe>fck?>{ syrtumtox 

t««i*t*v^-f syrx-xzizmkLtzms. z 
vymaxtfz&axm&zithrt-vaxk lt« 
trri. ) cD%&£m*?ix~/w-^y mvm+* 
ymtzmmz&imaxz^-iszit&zbizx o . 

hzt mk-tzwitfimzixx^h. 
[0006] tzhtK frfr&mmaxcommztiix 
*rt-isax0)ffit<r>MM±. msLk®&m itzma 
xtx-^-isixitw ixmommB&m 
mizmti^mm-ytz. mm. mswmuz^ 

ht*. ^-^ax<omAtm^mmtmm^y7 
izx*itzi><7)tfm5X'h&. zzx\ mimaxt 

iXUTi C 1 4 , H2R£>^fcLTtiNH 3 Srffll\ 
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WRhfrtcl o A-xtfXOcSLlfc 2 0 0 s c c m 
&±lzm*?tt . T i NK«>£tai&6' 1 0 A/m i n 

fc. ffim?^Hgt4&<&4£fc?mi2T'£*:. U> 
1 , 5 0 0 s c c mfilhlC-f 4 t, Ti NffittAJlXft 

[0007] 

[&<PJ#jB&LJ:3fct4iIlfi] i^idtc, «**>R 
fix t i)WSM&?Z> ZtizX IX is* V 

Sit AWT* I. fc v ^ -3 £ . *fMBtt . 

[0008] 

fc*SRJ6tt*>* 4 2 SSi fctt*W3Lh«)fi06/r * * 

(cflttTSKAU S9<3RC#*li^«4MjSW=l*I*t 
TffiA§-£4. I»3e<0lWi» ALDjjMiPC 

x t Km&cD$> hw.2 mm 3 w&fixaztiztut. 
mz^x^mzt httuz.m ttfx&xn z-ft lx 
mvzm&?&iLoi,zmmzw<?hi)\ <m4evmc 

T'#4„ 

[ 0 0 0 9 ] $ h *fH8C± 4RlSf^ W 
fc3HRJiW5f5g«««*jei|-f 4fc». 

otcs &&ts m i Rjtwr i %fc#x t%.mix 
®%$m&?zm2Wb#xim*cr>fixi£Knt:ftL 
x^x-t^mxh-yx. mmtmizmxm 1 rjs 
jwewwiA-t 4^r -xrt „ m i Ejs#z<m 



^'■r 4^r >y r t . mwsrxtxk&tz&mxm 2umnx 
znfe^&x-thXT vrt , §i2R£#x?>S[A£ 

jg»it-CRUf-vy>'^t»®i"4RJS^IrA-x'-r 
SXryTfc £fii;c.4. SSlRt^RJEtfX 
£S£A-r4*r-y r«**i-f*Ui* 1 Rt«5 2RJfr#X 
mm$tent:MzW&fiXZmzfcK?& tbl> 

fcfciO^-S'XTfcfiv*. ftfttt* i3rS^§l 

jftc-cis*t4^. mi%.&tfxzm,tz>XT-v7 
mfrt-it-thXT'/rb. m2w&tfxzmx-thx 

[ 0 0 1 0 ] 4fc. irifi UfcB«*illRt*fc«>fc. * 

Rffif-^ yA'<7)i:gg(cg« znxmMzw&&cDfo& 2 
mmxizwxkcr>Km#xzKmi-* yxicmkti 

1 «B^x<oflttfti»»^* 1 Rie^*ffi»s 
-^«y H<o«K^)iK»»c»jasitfciHR^* 1 ^aaj 

P fc . ^ 7-A.. y H<7)J£ffi<7)'f $&lz&ffl&fiLZtltz 
mVcOlfXtit&nt. ^7-^-yHOlH*^)rt»te» 
^x«*&Pt^jR<om.l #*ttlHPi:Mt 
^1 ^'XilS&fc , ^--vV-^-y HWHftrtStSl-^ 

xffl&ki&SLmzM&ztixn 0 ct)^x«*&p t ^sc<7) 
m *o cr>fix&&n t ztexm 0 coxxmss t tut 4 . 

BBK i 4RfEf-^ yy^'xcSA^ffi&y : 'e^^ffl^4 x 
[00 11] 

-f. immzihm^y^x^x-m^zm^n 

lzjm%i' J r r 7-^y K<0^3ifcov>T^HB-f4. 06 
14, *%BBt«fc 4 yt7^7^ 10Hifctf)J$g£ 

-*>>yV(T)gBmX'$>h. 

[00 12] m6{Z7jk-f£olZ. if.%ffliZX.hi/*r r 7- 
^ y h'co^ 1 iOHit^JKWi, 1 *l«B 2 RIB 
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b#6 6. tMB.xm2&J5*fz<r)*M <»ffl) 
-*>7-^-y K6 0 k£jE?"V 

otfMfetix^h. isw-^vYeonnmt. ft 

1 RVSI2RJCXfx*nEv^a^L*v^J: a CHI* coil 
8&£f&(t. #t-^<7)SB^(i^A' , 7-^ y K6 0(7) 
Jgffi^i^7 2(::MJ$fti>J::5(cU flS^aBXf^tt 
^7-^ -y H 6 0OTffiO+*a5 7 4 (CttffiS^ J: 
dfc-t*. -T 5 S:*>*>. 07fc*rf JdC:. 5^7— 
K6 0^)JSiBli, *OI«Bfc:*lRKxrx^)ftap7 2 
jm£HW£*i^Tf«#j*3*i. +*«fc»2RJ&0' 

fc. m2%Ztfxcr)m&y4 ^64t(4. ftlSJfctfx 
fc RJCtt^ibl) It 3 RJ£#X £ ft 2 ££#X b Zklzm 

thzbtfx-Zh. icob*. m2Kmtfxbm3mm 

liPWfcftttU -*^tt*%l>i§£(ci4ffi£^B#liI 

[0 0 1 3] &(C. 08&tf09£#!itT. 

4. 118(4, *WJIfcJ:45'+'7-'Vy K<7)ft2<7)#lSI 
<^BBt*tBRBBrc»6. 4fc* 119(4, 08(e^L 
fc 7-^\ >y K OKiHBI?* 4 . 08 Rt/m 9 (cjjcf 

S(4. 06&tf07C:^L*:i'-Y7-^yb'(C, ft3R 
«^taA«fcftO»3RJK^Xft»9-f ^8 6 
i:. JSfflW«Wi»telliaiX»2^XttajP9 4, 9 6 
k UfflfcSki Lfc* 3 tfX&iiJP 9 8k SrffclCjWS L 
TV*. Sg3RfE^flt*&5^>8 6kSg3^ 

z&ftn9 8tt:mit:tb<?>m3Bu&tfzmmt* fti 

&tfft2K£#Xi^k£^(=#&IL. 3WB<0RiG^ 

fc. ZCT)£o%m6 BS0 9 fry* Ltz if* 7-*s -y Y 
(4, ft 1 RJEtfXOjfciiJP 7 2 , 9 4tf»2BUG#A0) 
*tUP7 4 4!fett»3-Rl6^WifcaiP9 6, 9 8 tit 

<TT*(=£4>feJ££$*rc. Rj&f+y^rtfcUWia 

ft/;aHRi:S6fcaaW-*J:5fcLr«)J*^ (01 1# 

«fc**Sfc»*UT. ftl«5#XO;BcajP7 2. 94 
^SS[«osa5X(4-?-^HBt|6]*)^{fAv^. 
[0014] ^BBCCiiaBf-rWWxaW. 
*tt05JWt<0«Bfc:o^TfittBfc»W*. 010(4. 
*SMHfc J: 4Rl5f-+ w W*gttJ5ftt<*>* 1 OUSfe?) 
JWttStEffr**. jfrf. 01O£#!itl>k. ftl 

s#ifc»ajpi4 o*»4>*ajsnr, »6f-rw«i o 
otwwfcfrfv-y 1 2 oizmmztitzmm 1 o<?>tm 
izmxtiLKZti (b) , »2»c^aw«»^ 

(4, i/A-7-^y K^+*»fc«0ft3*lfc»ii}n 1 3 0 



*»4>ttaisiiT, ssi i oo+iMuteitufcasxsft. 

I (A) . ditCiO, n-iWx {WSktix) <r>WSL 

±izm&wm%*- ; Jimtfm-iitL. n-va* 
<?)%&&zm*it:i§>£X'i>r>xi>. mtmmoWHi 
nt^tih. mix. miw%2Km*fx<?>zti?ti 
(4, m«<r>w&t}A<7)W.ftuizmiL~3t > <. 

iOk*. »l»6^OlftaP14 0tt, « 
fil 1 0^>±fc«3»Lfe»2RIG^OJiK^'«-5;* 

i i0(^mfcm(«iarsv\ dfu4. wauriafc 

[00 1 5] mz. 01 lftMl 3Sr#.^LT. *^ 

MtcRW"*. 01 1(4. *WMz£&%m+*>^fi 

012(4. aW»BfcJ:iRj6f-^w{^aA*i&^» 
3<rmk<r>W®&m-WK*>h. 01 3(4. 
WfcA4R«^W^8WJTi6<0»4«)|lit<W!flB' 

e^-r0f*>i>. iaiokrat«*fc»UTii 

[00161011 (c^-TJ: 3 fc.. *gMH£ J:*KJG* 

•v ^wawH6«* 2 ffammmtti . ft 1 rk^ 
xcojscaip i 4 2*»»2Rjc^w*mn 1 3 otdt^ 

H*fflv»6ifcfcJ:"3. aX$*ift»lRIE^ (C) 
b%2%&#X (A) kOffiS£8J£-«#)$A<|5Sit 

x<oft{BP*«»2»6^A<o*fllPfclt^TT*fc:S ^> 

j&Lj»ffe*L6. 4fc. 012^-fAofc. *%h>1(c 
A4Ri5^+w^X8SA*S<Oft3coHW[W^(ci3 
tvC(4. ^^y_^. y K*sft2Ri5^^^S£AL 
(A) . ftlR^Xl4RlS^ J r>'^Offlffl*^««l 

iffl)(cffiA-ri> (d) . -etr. 01 3t^-rA5(c. 

*3MBfcJ: *R«f-v w?^xaA*«fo0lS4<0Hat<0 
«»tCj3V^tt» i"C7-A7 h'3& J ft2RJS^XCO*S: 

ssal (a) . fti RfbtfAteRfcr* v> wx<m 
Bfrbftk-th <e) . 

[0017]-*, IwjioJ: d**5WBfcj: iRjEf-ir 

w <#AffiAumwmn<mBizi5^x . ft 1 awn 2 

RJE#A(4 . -en-?-'iimSB§^3c5(3«A-r 5 P C V D 
U^izi*)^KtXi>^. PCVD(4. *ajHA(=J: 
0l998^9^29B#WCCtaiS§fL, 1 9 99^ 

6^29 uttmzxiiimmztimmy 11-172 
4 3 s^fg. "tt&mmmmzxz&gmiwm 

mmriz&miKfflmbh. ztiz&mt&b. p 

c v d b (4 . ft 1 Rm/fx^i- Vtix-^W, 2 W&iix 
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I 



^-iStfxnmmz&fcfixRWt-iStixiimiz 

mmmxtx^mmmth-mTh^x. al 

mm<n*-x'%<. wmmwz^mffxtxmL. 
tools] ar. *muzx&mi- j r><><#xfaK 

-fj^JkXf^mzm^ ^7^7 Ft PC V D£3Iffl 

Ltzmmomm^uxmm^mmh. t-r. mi o 
m^y^i ooi:»i-ai i ox«±£m?>s 

^R&SfuWx-Atf-h (HSrtf-f) t3l£3^ 
T\ KJS^^'l OOrt^fiJ^R^ffi^SrHlf^^ 
MzWiMLXZUKS^h. 
[ 0 0 1 9 ] %£. £1 Rt&tfXftte^ >-£IStt<b*l 
^SrSISLT^lRJE^SrHlfS^I^Atl. (B, . 

trcfts. mwztfxm&J4 yi,zmt>titz 

-vtfXtsSALT, »>x-ai l o±fc«HN-ffc. 
gjS#x£A-y-fl><, .r<7>fc£. ^lRJ£*'xt*l; 

[ o o 2 o ] <xiz. m2%m#x*wt%&m&,?& 

(A) . dtUCfcOs *x-Al 1 0<04"t^=[6|tt-C 

SKSS : 5 0 O'C 

3Torr (*«j399Pa 
NH 3 lOOscc 
Ar 120scc 
Ar 120scc 
<#*HC 
StiSUE : 5 0 O'C 
E^J : 4To r r ($532Pa 
1-*M?)V : NH 3 1 0 0 s c c 
Ar 600scc 
Ar 600scc 



tt^'Xj: 0 =5r-&jBS*'X^m2Rf5**Xi:*tc8£AtT 
feftn. $f>t. 82&J&ffX£>ift£tigffliU fifr5£Bf 
fgn-xtfxtgSAbT. ")i--»M 1 0±W$)ftlK£ 
Bfc?&z\t%<. is*?-**? FBXf 
ftmzW8t&K&#z * fclifSSRfitf 1 *'*-- s Jtl . 
icDt#. £2^#Xfcftt3f*MxtSAU:%& 

mx^rmt. W6ctix*%X\MVhz\b\,zi 
C V D tjgffl LfclOt^flKBfc «t 6 1 . SB 1 RtStfXO 

4 tiimmnm. tiziiwgmwfozti&txm') 

fixayoh. ^Ti\frZ9tizffiXt&Mt. J&&L£d 

tti mn&mzm t x ?sprirc*> & . 

[0 0 21 ] *IMBt:itRiBf-v^^xaA 
*ffiRy ; -5-mtfflV^^V-^-/F$:fflV^T. PCV 

HPS**. £«>S»Wfc*SVvcii. 

tfxffixnm izs.&w&ti&mziih 
m^y'Wxmxfflk (*%miz£hum 

t£ttM?&fctb. Ztl?tim3MfM6l l Zjf;Ltzi'* 
7-A7HSfflv\ »«±KTi NJltJBjfcU:. 151 
m#Xt LTl±NH 3 , m2RJS5^k LTJ2T i C 
1 4 , Wm.W*-iS*fXtLXliArt;m^tl. ft* 

[0022] 



) 

m + Ar 1 20sccm (2#) — 
m (4f) -*TiCl 4 3sccm + 
m(2#)-*Ar 120sccm (4#) 



) 

m + Ar 600sccm(2^)-* 
m(4fH-*TiCl, 3sccm + 
m(2#)^Ar 6 0 0 s c c m ( 4$) 

[0023] 

[*1] 
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fttfgtf (A/mi n) 


*30 


>3 0 




>80 00 


<50 


ffiteft (jiQ-cm) 


15 0 


116 


®ISta©S}-& (%) 


i4.3 (mm&m) 

3 0 <**<B£) 


8. 4 

14. 1 <ft*fi£) 



co 0 24] mifrt>wt>&% x otz. mmm±2^ 
Mtf^gstfiiai.. flRjf, m&iKtkmzxm*?) 

Jtmzio^X, A r^aiSr 6 0 0 s c cmfcti^L, 
*&£Ji8A/m i nmTKffiTUw. £*>ffi^MH[ 

i o o 2 5 1 *miz£zimi. mmm&m 
mmki-cr)mcr)?>-x'tc<. mmmf^^-^mt- 

a^s. -r=5r^*>. z<Dmm.miz}5^xmmLKT i 

mz]tK-mfrZ\>mmmffmtifzm\ 
at, 4mmi&izz.*)m.<r)4 9 *mzxwfcLtz. 

[0026] fcLL, J: yA#*aLA 

*aat^-t*lfcffl^*^'7-^.>/H*fflV\ PCVD 

^imrnxnon-x-KK. mm. bsk <Ba, s 

r ) T i 0 3 ) SrifOJ dfc, 3H«£Lb0RJ6;y.x* 
SrH 1 RlS^ft|ft5 -f y 8 2 £l> LT 

m?4vs4. 8 6ZftLxms.<?)*miz®m 
h. tfz. m 2 Rvm 3 K&tixtfs* ^zmsteififr > 

*Mil§^*£fctt. H6*fcttHlOftS01 
3t^Uci3t. y+7-\ 7 h*6 0afcti#*S5A 

*i**>R*£Mrx£S 1 R«#*ttte7>r V 6 2 itzii 1 

40, 142, 144, i4 6iitixms.ms^zm 



AU S9<3*2AlflB3$U&«r.*tt, Jfl2£JS#*ft 
&5-f y 6 4X« 1 3 0 iftbXWKn*Mt£tiLXt 

h. zcotz. f&2wmuufitfzii.mi l z%xix 
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